The gastrointestinal tract presents a formidable barrier for pathogens to initiate infection.
infected mice with 1x10 9 PFU, harvested tissues, and processed tissues. Each tissue among the inoculum vs. replicated virus subsets within each tissue (Fig. 4A ).
152
First, to determine total tissue titers and the percent of virus that had undergone replication, 153 samples were quantified by plaque assay. Titers from samples kept in the dark, representing 154 total tissue titers, are shown in Figure 4B . Trends were similar to data shown in Figure 2 , with 155 low early extra-intestinal tissue titers that increase with time. To reveal the percentage of viruses 156 that had undergone replication, we divided the light titers by the dark titers for each tissue and 157 multiplied by 100. As shown in Figure 4C , a fraction of virus in stool and colon was light 158 insensitive at 7.5 hpi, indicating some viral replication had occurred in vivo even at this early 159 time point (Fig. 4C ). The amount of light-insensitive virus was 10-fold higher than the 160 background of light insensitive/unlabeled virions in the inoculum, arguing that the majority of 161 light-insensitive virus in these samples had replicated in vivo ( Supplementary Fig. 2 ). The 162 majority of virus in extra-intestinal tissues was still light-sensitive, indicating little viral replication 163 had occurred by 7.5 hpi ( Fig. 4C ). At 19hpi, two mice had substantial viral replication in the MLN 164 and pancreas, but nearly all virus in the liver had replicated in vivo (Fig. 4C ). By 48 hpi, nearly 165 all virus in all tissues was light insensitive (Fig. 4C ).
167
Second, we quantified viral barcode diversity in each tissue, differentiating diversity in inoculum 168 vs. replicated populations. Because RNA from neutral red inactivated virus could still be 169 amplified by RT-PCR (data not shown), we enriched for viruses that had replicated in vivo by 170 exposing to light and amplifying light insensitive viruses in HeLa cells for a single viral 171 replication cycle (Fig. 4A ). Viruses that had replicated in vivo would be insensitive to light were present in the colon. Given the striking difference of viral barcode diversity between replicated viruses in the colon and stool, it is likely virus replicated in numerous sites along the 180 GI tract. In extra-intestinal tissues at 7.5 hpi, we sporadically detected replicated viral barcodes, 181 and these had low diversity ( Fig. 5, Supplementary Fig. 3 ). At 19 hpi in stool, all 135 barcodes 182 viruses had replicated ( Fig. 5, Supplementary Fig. 3 ) in most mice. Colon samples contained 183 more diversity at 19 hpi than at 7.5 hpi, although the diversity of replicated virus was still much 
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In this work, we engineered a barcoded collection of CVB3 to monitor viral populations across 211 time and space in orally infected mice. Consistent with the our previous observation that the GI 212 tract limits poliovirus diversity (6), we detected lower viral diversity in extra-intestinal tissues 213 compared with the GI tract ( Fig. 2 ). We also observed monopolization of viral populations by a 214 small viral sub-population, and this viral sub-population was shared among virtually all tissues.
215
In our earlier work with poliovirus, tissues were harvested upon disease onset-generally 72 hpi 216 or later. At these late time points, we observed low poliovirus population diversity and we 217 concluded that this loss of diversity was due to combined bottlenecks from mouth-to-gut and 218 gut-to-blood (6). However, here we found that replication of diverse CVB3 populations in both 219 the GI tract and extra-intestinal tissues preceded loss of diversity ( Fig. 5 ). Thus, loss of CVB3 220 diversity was not only due to a small subset of viruses from the inoculum replicating in vivo.
221
Strikingly, nearly all tissues in each mouse were monopolized by a small sub-population of viral 222 barcodes (Fig. 2, 5 ). These results suggest that viral populations in separate tissues disseminated and intermingled, and that the viral population in a given site could be subsumed by an invading viral population.
226
Due to the propensity for RNA viruses to rapidly develop diverse populations, it was possible the 227 monopolized populations we observed were the consequence of mutations that were selected 228 for and enriched. Indeed, others have reported the selection for poliovirus mutations uniquely 229 adapted for specific tissues (19) . However, by 48 hpi, we found that nearly all viral populations 230 within a mouse were overwhelmed by the same small viral sub-population. In this time frame, 231 we did not find detectable mutations within the whole genome consensus sequences that could 232 explain adaptive advantage of this sub-population ( Fig. 3 ). In the absence of major adaptive 233 mutations, a key future question is to define 1) how viral subpopulations dominate within a 234 tissue and whole animal, 2) the anatomic source of monopolizing viral population, and 3) 235 whether clearance enables monopolization.
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In order to delineate the population dynamics of an enteric virus over time, we set out to 238 measure kinetics of CVB3 dissemination after oral feeding of virus. We found that virus could 239 reach extra-intestinal tissues as soon as 20 minutes post-infection in Ifnar-/-mice, but not in 240 Ifnar+/+ mice ( Fig. 6 ). Previous work has shown that interferon gamma can influence GI barrier 241 permeability, but roles for interferon alpha/beta in rapid viral dissemination have not been 
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Viruses. In this work, we used CVB3-H3 strain (Woodruff U57056.1, with 16 nt differences of 263 unknown origin), and poliovirus-Mahoney serotype 1. All poliovirus work was done in WHO-264 approved elevated BSL2+/poliovirus conditions. Stocks were generated by transfecting 293T 265 cells with 1) plasmids containing viral genomes under T7 promoter, and 2) plasmid expressing 266 T7 polymerase. For the CVB3 barcode viruses, each individual stock was propagated 267 separately to control the ratio of each virus in the final mixture. After 2.5 days, cells were freeze-268 thawed 3 times, and clarified supernatant was added to HeLa cells. Cells were incubated until 269 cytopathic effects were evident, and were then freeze-thawed 3 times. These initial viral stocks 270 were quantified by plaque assay and then amplified in HeLa cells at multiplicity of infection >10.
271
When cytopathic effects were observed, cells were collected by scraping, freeze thawed 3 virus, an aliquot of virus was exposed to white light from a desk lamp for 20 min. For tissue 284 homogenates, samples were exposed to light for 1 h with occasional mixing.
286
Virus Growth Curve. HeLa cells were infected in suspension at MOI 10 for 30 min on ice, 
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C. Percent of replicated virus (PFU from light-exposed samples divided by PFU of dark-exposed 453 samples multiplied by 100). Lower dotted line indicates limit of detection derived from plaque vivo (light-exposed) and total replicated + unreplicated inoculum viral barcodes (dark samples).
461
The # symbol represents samples below sequencing depth threshold. 
464
A. Ifnar+/+ and Ifnar-/-mice were orally inoculated with 1 x 10 9 PFU CVB3 and tissues were 465 collected at 20 mpi. Virus was quantified in homogenized tissues by plaque assay (n=4).
466
B. Dissemination of CVB3-barcode collection at 20 mpi (n=5).
467
C. Ifnar-/-mice were orally inoculated with 1 x 10 9 PFU poliovirus infected with poliovirus and 468 tissues were collected at 20 mpi. Virus was quantified in homogenized tissues by plaque assay 469 (n=13). 
478
For data in D, we performed mixed effects analysis with Sidak's correction for multiple Ifnar-/-mice were orally infected with 1x10 9 PFU of the CVB3 barcode library and were dissected 7.5 hpi, 19 hpi, 48 hpi, or 72 hpi. Height of bar corresponds to titer of virus, and the height of color bands is proportional to frequency of a viral barcode within sample, with total frequencies equaling 1. Horizontal dashed line is limit of detection for plaque assay, and bars with checkerboard pattern were below sequencing threshold. 
Figure 4. CVB3 replicates within extra-intestinal tissues by 19 hpi
A. Mice were orally infected with neutral red labeled CVB3 barcoded viruses in the dark. Mice were dissected in the dark and tissue samples were homogenized and either kept in the dark or exposed to light. Virus was quantified by plaque assay, then amplified for a single cycle in HeLa cells, and deep sequencing was performed on barcodes of progeny. In the example here, the blue virus had replicated in vivo, and therefore it was light insensitive and amplified in HeLa cells. B. Viral titers in samples kept in the dark, representing both input/inoculum and replicated viruses. Whiskers show max to min; points labeled with numbers indicate mouse number. C. Percent of replicated virus (PFU from light-exposed samples divided by PFU of dark-exposed samples multiplied by 100). Lower dotted line indicates limit of detection derived from plaque assay for light-exposed samples and upper dotted line indicates 100% replication within a population. Ratio of viral barcodes within each sample, with viral barcodes derived from virus replicated in vivo (light-exposed) and total replicated + unreplicated inoculum viral barcodes (dark samples). The # symbol represents samples below sequencing depth threshold. A. Ifnar+/+ and Ifnar-/-mice were orally inoculated with 1 x 10 9 PFU CVB3 and tissues were collected at 20 mpi. Virus was quantified in homogenized tissues by plaque assay (n=4). B. Dissemination of CVB3-barcode collection at 20 mpi (n=5). C. Ifnar-/-mice were orally inoculated with 1 x 10 9 PFU poliovirus infected with poliovirus and tissues were collected at 20 mpi. Virus was quantified in homogenized tissues by plaque assay (n=13).
